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Abstract The relationship between nicotine yield as 
determined by the FTC method and nicotine absorp¬ 
tion was examined in 72 smokers in a more rigorous 
repetition of a previous study of 33 smokers. For this 
study. 113 smokers evenly distributed across four FTC 
"tar’ T yield ranges were recruited: only 72 demonstrated 
reasonable compliance with the study criteria with 
regard to sample collections and cigarette brand style 
consistency. Subjects recorded the number of cigarettes 
smoked daily and collected a 24-h urine sample and a 
.saliva sample on 3 consecutive days. Nicotine absorp¬ 
tion was determined by monitoring urinary excretion 
of nicotine and its metabolites. In addition, saliva sam¬ 
ples were monitored for cotinine using radioim¬ 
munoassay (RIA). The correlation of the relationship 
for nicotine absorbed per cigarette was positive and 
significant (r ~ 0.31. P = 0,008) but weaker than in the 
(previous study. Only smokers in the highest yield range 
showed any statistical difference from smokers in the 
lower ranges. Our results suggest that FTC nicotine 
yield is weakly related to nicotine absorption and that 
smoker-controlled' factors exert a great influence on 
, the amount of nicotine absorbed by smokers. 
r Compensation is substantial but incomplete for the 
minority (by market share) of smokers at the low end 
of the yield scale. It is uncertain how well any alter- 
native set of machine parameters would predict nico¬ 
tine absorption for the majority of smokers, even if it 
were more predictive for the small number of smokers 
at the lower yield part of the range. 
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Introduction 

Relating the amount of nicotine yielded by cigarettes 
during machine smoking and the amount absorbed by 
smokers has been of interest to researchers for most of 
this century. As early as the 1920s. investigations were 
done on the amount of nicotine in tobacco smoke from 
various products on the market (Pfyl and Schmitt 
1927), Analytical results were often inconsistent, how¬ 
ever. due in part to different parameters for smoke gen¬ 
eration used by the various researchers (Bradford et al. 
1936). A standardized machine smoking method was 
proposed that would permit different analysts to rate 
the quality of tobacco products and also to evaluate 
various analytical methods being developed for nico- 
tine(Pfyl 1933). Yet as late as 1960. no standard method 
had been established in the United States. Instead, each 
tobacco company used its own internal procedure for 
evaluating products. A compromise of various proce¬ 
dures in use at the time was selected by a committee 
of the Tobacco Chemists' Conference and tested (Ogg 
1964). Interestingly, some parameters were similar to 
those suggested by Pfyl and Schmitt in 1927 who had 
observed 13 cigarette smokers and concluded that the 
average smoker took a 2-s puff of approximately 40 cc 
twice per minute. With some modifications (Pillsbury 
et al. 1969), a well-defined regimen (one 35-cc puff of 
2 s duration per minute) was adopted in the United 
States by the Federal Trade Commission (FTC) in 1967 
and is now commonly known as “the FTC Method". 

The FTC Method originated in product compari¬ 
son and it was "not to determine the amount of tar 
and nicotine inhaled by any smoker" (FTC 1967); 
nonetheless, by 1983 Gori and Lynch indicated that the 
belief had been widely assumed that it also predicted 
smoke absorption by individual smokers. Since the 
observations of Pfyl and Schmitt (1927) were based on 
human behavior, this belief is understandable. In fact, 
Bradford et al. (1936) remarked that a successful 
method should approximate human conditions. But no 
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reliable analytical methods were in place to determine 
smoke absorption by smokers. And so, the relationship 
between smoking machine yields and actual smoke 
absorption was unclear. As nicotine metabolism 
became better defined (Benowitz 1991: Kverematen and 
Vessell 1991: Byrd et al. 1992: Caldwell et al. 1992: 
fT Benowitz et al, 1994 ) and methods for determining 
exposure to nicotine {and thus smoke) were developed, 
numerous studies investigated the relationship between 
machine-determined nicotine yields and biomarkers of 
nicotine absorbed by smokers. 

These studies led to some genera! conclusions 
regarding smoking behavior. It became apparent that 
a wide range of smoking behaviors was possible for 
subjects smoking the same type of cigarette, and that 
some smokers could substantially increase the actual 
smoke yield of their cigarette relative to that predicted 
by the FTC method. The latter process is referred to 
as "compensation”. According to the compensation 
/ hypothesis, smokers switching to lower FTC yield cig- 
1 arettes smoke these cigarettes with increased effort 
j (larger, more frequent puffs, deeper inhalation, etc.) to 
j make up, or compensate, for the lower yield and obtain 
j the amount and quality of smoke to which they are 
! accustomed. 

f Compensatory smoking is a general issue in under¬ 
standing smoking behavior. A 1986 review of tobacco 
smoking by the International Agency for Research on 
Cancer (IARC) concluded that some amount of com¬ 
pensation occurred when smokers switched to lower- 
yield cigarettes. In 1994. concern over the prevalence 
of compensatory smoking was raised ac a public dis¬ 
cussion of the FTC method (National Cancer Institute 
Conference 1994). Although all researchers recognize 
that compensation occurs, the degree and duration to 
which smokers alter smoking behavior (and thus then- 
intake of smoke components) with changes in the "tar" 
and nicotine yields of cigarettes is unclear. Further, the 
relative importance of "tar” versus nicotine (or other 
smoke constituents) in these alterations is uncertain 
(Rose et ai. 1985: Adlkofer et al. 1989: Fairweather 
1989: Jarvis 1989: Baldinser et a!. 1993. 1995: 
Hasenfratz et al. 1993: Pritchard et ai. 1996). Finally, 
to the degree that nicotine contributes to these changes, 
the relative importance of sensory. CNS pharmacol¬ 
ogy. and systemic effects of nicotine remains to be deter¬ 
mined (Walker et al. 1996). 

In spite of the uncertainty and complexity of fac¬ 
tors driving compensation, it is important to assess its 
prevalence. Since nicotine is specific to tobacco smoke, 
many studies have been performed to determine levels 
of compensation by relating machine smoking nicotine 
yields and various biomarkers of nicotine absorption. 
A recent compilation of eight literature data sets that 
related FTC nicotine ratings and blood cocinine con¬ 
centrations found that the compiled data set suggested 
partial compensation by smokers on the order of 50 'h 
(Pritchard and Robinson 1996). 





Our investigations of FTC nicotine yield and nico¬ 
tine absorption have been based on the excretion of 
urinary nicotine and its metabolites. This is a fairly new 
approach for determining nicotine absorption made 
possible by new analytical methodology (McManus 
et al. 1990; Byrd et al. 1992) where the sum of urinary 
nicotine and its metabolites serves as a biomarker for 
smoke absorption. The method is believed to account 
for more than 90% of nicotine absorbed and. since a 
urine and not blood collection is involved, it is 
tively non-mvasive and permits subjects to smoke ad 7^ 
libitum in their normal environment. 

A previous report released from this laboratory 
(Byrd et al. 1995) addressed the issue of FTC nicotine 
yield versus measured nicotine absorption in smokers. 
Using all data available at the time, the report was a 
compilation of four separate studies, each determining 
nicotine absorption in a different FTC "tar” yield range 
and having a total of 33 subjects. Although the indi¬ 
vidual studies varied slightly in analytical methodology, 
they all determined nicotine absorption by monitoring 
nicotine and its metabolites excreted in 24-h urine sam¬ 
ples from subjects smoking their seif-selected brands ad 
libitum during a period where the number of cigarettes 
smoked was recorded. The data showed large individ- f 
ual variability in nicotine absorption within each group l 
and. compared with the literature, a high correlation \ 
between FTC nicotine yield and nicotine absorption / 
measured as either mg nicotine per 24-h period (r = 

0.68} or per cigarette smoked (r = O.SO). The short¬ 
comings of that work were 1) insufficient number of 
subjects to adequately define the relationship and 2) 
inconsistent sample collection and analytical schemes 
among the four subject groups. Thus, the objectives in 
the present study were to repeat the previous work but 
increase the number of subjects and use standardized 
sample collection and analytical protocols for each sub¬ 
ject. Our goal was to include at least 100 active smok¬ 
ers who were in compliance with the study design and 
distributed evenly across four FTC "tar” yield ranges. 
Protocols for assessing subject' compliance were 
included to increase the integrity of the data. 


Materials and methods 

Subjects 

Subjects were recruited through a local independent marketing 
research arm (Bellamy Research. Inc.. Winston-Salem. N.C.. USA) 
using their database of known smokers in the area. Irotrt solicita¬ 
tions of smokers in public pieces, and by random telephone cails. 
The recruitment goal was to select at least 25 smokers in each of 
four categories based on PTC "tar” yields for cigarettes: <2.0 mu 
(2 mg or 2MGl. 2.1 £>.0 mg |Uitraio» "Tur" or ULT). 6.1-11.9 mg 
(Full Flavor Low "Tar" or FFLT). and 212.0 mg iFul! Flavor or 
FF). FTC "tar" yields were based on the most recent Tobacco 
Institute Testing Laboratory Test Results (I W-l. Targeted subjects 
were mule Caucasians 21 -60 years of age who smoked at least 20 
non-menthol cigarettes per day and had beet) loyal to a particular 
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brand for at least 6 months. Although subjects were isolated from 
the study purpose, we wanted to reduce the chances that their behav¬ 
ior would change due to any preconceived idea that would have 
been associated with their occupation. Thus, persons who worked 
in media, journalism, marketing, law. advertising, tobacco indus¬ 
try (or its subdivisions), or state or federal government health or 
iegai departments were excluded. Persons who consumed an aver¬ 
age of more than two alcoholic beverages per day or were using 
prescription medication were also excluded. Subjects were also 
excluded if they regularly used any tobacco or nicotine product 
other than cigarettes (pipes, snuff, nicotine gum. etc.). All of the 
subjects who met the requirements were found in the Winston-Salem 
area except For the 2MG smokers. Due to the very small market 
share of these types of cigarettes (<2% for the two most popular 
brands in this category: Maxwell Report 1994). insufficient num¬ 
bers of 2MG smokers were found locally and recruiters went to the 
cities of Charlotte and Wilmington. N.C.. USA. to meet the estab¬ 
lished quota. 

Subjects gave their informed consent prior to participating in the 
study and ail procedures used were approved by a human research 
review board. The consent form described the procedures to be used 
and the measurements to be made, but did not disclose the purpose 
of the tests. 

Subjects who participated in the study were re-surveyed approx¬ 
imately 12 months after completion of the study. The questionnaire 
asked subjects about several consumer products, including the 
brand and style of cigarette they were smoking and whether they 
had changed in the last IS months. These data we.: compared with 
the original screening data to assess response consistencies. Subjects 
who were unavailable for the re-survey were omitted from the final 
data set. Subjects with inconsistent responses to questions regard¬ 
ing brand loyalty were also excluded. After subject exclusion for 
the above reasons. 72 subjects were retained in the study. 


Scheduling and orientation 

The study tasted for a 7-day period. During the study, subjects 
smoked ud libitum their regular self-selected brand while in their 
normal home or work environment and returned urine and saliva 
samples at specific times. Orientation of subjects was performed in 
the presence of our stuff with the exception of the 2 MG smokers 
(due to the remote site recruitment of these smokers, contracted 
personnel were used). At orientation sessions, the age. weight, and 
specific brand were recorded for each subjecc. Subjects were 
processed in small groups of 5—13 by three to four staff personnel 
in a room where smoking was permitted. Some of the staff were 
smokers as well, which helped put the subjects at ease in talking 
about their smoking behavior. The subjects were reminded to stay- 
on their regular brand exclusively during the course of the study 
and to smoke as they normally would. The subjects counted the 
number of cigarettes smoked each day for 7 days and submitted 
three consecutive 24-lt urine samples and saliva samples on the last 
3 days of the study. For their participation, the subjects were 
financially compensated after the final samples and cigarette counts 
had been collected. 


Counting cigarettes 

Subjects were required to maintain a daily record of the number of 
cigarettes smoked each day for 7 consecutive days, starting on 
Saturday and ending the following Friday. A log sheet was 
supplied to facilitate tile process. 

Collection of urine 

Each subject was supplied with two polyethylene 3 ! screw-capped 
specimen bottles (Fisher Scientific. Pittsburgh. Pa.. USA). The bot¬ 


tles were stored in a portable cooler f Coleman Personal 16. Coleman 
Co.. Inc., Wichita. Kan.. USA) with a reusable ice substitute (Igloo 
Corporation, Houston. Tex.. USA) to retard bacterial growth in 
the samples. The subjects kept the coolers with them during the 
24-h period as they performed their normal routines (work, domes¬ 
tic duties, hobbies, etc.). Urine collection was scheduled on week¬ 
days beginning on Monday when the subjects_awoke. Subjects 
collected their urine for 24 h. Two additional 24-h urine samples 
were collected on Tuesday and Wednesday. Urine samples were 
delivered to the laboratory each duv after collection was completed 
and 1 -refrigerated until processed later that same day. For process¬ 
ing. total 24-h urine volume and pH were measured for each urine 
sample and a 10-ml aliquot was frozen at — 20°C. A 1-ml sample 
was taken from the aliquot for nicotine uptake determination and 
the remainder was submitted for creatinine analysis (Forsyth 
Laboratories. Winston-Salem. N.C.. USA). 


Collection of saliva 

Three Saliva samples were taken from each subject, one on each 
day of urine collection. The subjects were supplied with sterile 
Salivette tubes (Sarstedt. Inc., Newton. N.C.. USA) and instructed 
to chew for 1 min on the cotton prior the last meal of the day to 
synchronize collection of saliva to a time when saliva cotinine was 
likely to be at steady state. 


Analyses of samples 

Urine samples were analyzed by a reported thermospray-LC/MS 
method !McManus ec al. 1990: Byrd et al. 1992) that accounts for 
urinary nicotine and eight metabolites (which includes glucuronide 
conjugates of three analytes). Samples were prepared and analyzed 
in random order. Prior to LC/MS analysis, all urine samples were 
treated with /r-glucurouidase (Product No. G-7017. type HP-2. 
Sigma Chemical Co.. St Louis. Mo.. USA) to free conjugated nico¬ 
tine and its metabolites using the method of (Cazemi-Vala and 
Curvail (1994). This enzyme is more aggressive than the one 
described in an earlier work (Byrd et al. 1992). since it contains 
some sttlfatase activity. The percentages of metabolites existing as 
conjugates were not determined separately in tilts study. Total nico¬ 
tine absorption per day was determined by multiplying the sum of 
the molar concentra tions of nicotine and its metabolites by the total 
urine volume for that day. The amount of nicotine per cigarette 
was determined by dividing this number by the number of ciga¬ 
rettes smoked the day the urine was collected. Saliva samples were 
analyzed for cotinine concentration using the radioimmunoassay 
(RlA) method of Van Vunakis et al.! 1987) and reported as ngfml. 
This number was divided by the number of cigarettes smoked on 
the day the saliva was collected and reported as ng/ml per ciga¬ 
rette. It should be noted that cross-reactivity of RlA polyclonal 
antibodies with other nicotine metabolites mustJbe considered when 
assessing the analytical error of these data 


Results 

Recruitment and sample collection 

A total of U3 subjects was recruited for this study. 
Samples were collected daily on 3 consecutive days 
resulting in a total of 339 samples of urine and saliva. 
None of the urine samples were lose, but six samples 
failed the analysis (excessive turbidity or significant 
interference for a metabolite). Four saliva samples were 
lost by the subjects. 


- - _ —- _ ' 
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Table t Average nicotine absorption data for FTC yield ranges in "Nic ratio" is che measured nicotine absorbance per cigarette rela- 
this study . Data for '‘Cig/24 h'\ “Measured nicocine". and "Saliva rive to chat predicted by the FTC method 
cotinine" are listed as the mean ± standard deviation. The column 


Group 

Age 

Wt 

FTC Img/cia) 

Cis/24 h 

Measured nicotine 

Saliva cotinine 


Nic ratio 



(kg) 

‘"tar" 

Nic 


(mg/24 hj 

(mg/cig) 

(ng/mi) 

(ng/ml/cig 

) 

Abs/FTC 

2MG 

43 + 12 

SI 4 13 

1.3 + 0.4 

0.14 + 0.05 

37 ± 12 j 

”22.2 ± 8.8 

0,6i X 0.30 

425 + 174 

12.5 + 6.7 


4,3 = 2.0 

(n = 23) 
ULT 

38+ 8 

S3 + 16 

4.9 ± 0.4 

0.47 + 0.06 

35 + S 

21.9 + 7.8 

0.63 + 0.24 

413 + 170 

12.2 + 5.7 


1.4+0.5 

(n = 19) 
FFLT 

32 ±9 

82 ± 13 

10.1 ±0.9 

0.76 ± 0.05 

30 + 6 

20.0 j: 8.6 

0.67 ± 0.22 

412 + 209 

13.7 +5.1 


1 09 ±0.3 

(n - [4) 
FF 

33 ±S 

32 + 15 

16.5 ±0.8 

1.20 + 0.14 

32+6 

27.9 + 9.6 

0.89 ±0.30 

526 ± 201 

16.S + 6.6 


0.8 + 0.3 

{* = 16) 











--- 


Compliance and final selection of subjects 

Compliance was an important part of this study since, 
even though the participants were paid, behavior could 
not be monitored. Complete collection of urine was a 
particular concern, since performing this task rigor¬ 
ously for 3 consecutive days required diligence. 
Incomplete collection or dilution with another liquid 
would impact the results since the determined concen¬ 
tration in the urine is multiplied by the total 24-h vol¬ 
ume to determine daily nicocine absorption. Urine 
volume can vary a great deal for a given individual: 
however, creatinine excretion remains fairly constant. 
Normal creatinine excretion for a 70 kg adult male is 
approximately 1-2 g/24 h with between-day variability 
of 15-20% (Tietz 1987). Creatinine measurements were 
used to assess sample collection compliance using the 
following protocol. Samples with daily creatinine excre¬ 
tion <0.75 g were rejected. Samples with relative stan¬ 
dard deviations >50% (coefficient of variation of 0,5) 
over three collections had the urine sample with the 
lowest daily amount of creatinine rejected. This resulted 
in the rejection of 21 samples in the first case and four 
samples in the second case out of 339 total samples 
resulting in a net sample count of 314 urine samples. 
The rejected samples accounted for less than 8% of the 
total number of collected samples. 

The urine sample set can be summarized as follows: 
of the 113 subjects. 88 had data on a complete set of 
three urine samples. 19 had one sample missing, and 
six had two samples missing. All days were averaged 
for each subject in the final data set. 

Compliance with regard to truthfulness of brand and 
numbers of cigarettes smoked per day was also a con¬ 
cern in this study. The numbers reported here depend 
a great deal on the fidelity of the subjects in these mat¬ 
ters: however, a secondary questionnaire in the form 
of a general consumer database update was given a 
year later to as many subjects as could be located. Part 
of the survey dealt specifically with the brand and type 
of cigarette smoked and any changes made in the past 
12-18 months. The purpose of this survey was to iden¬ 
tify any misdassified smokers. Of the 113 subjects in 


the study, 89 (79%) were located and surveyed. Of these 
89 subjects. 59 (66%) gave answers consistent with their 
initial survey and reported no changes. A total of 12 
of the 89 (13%) had switched from their initial brand, 
presumably after the study (subjects who switched after 
the study could not be distinguished from those who 
may have switched just before the study), One subject 
had quit smoking since his participation. Inconsistent 
answers were given by 17 of the 89 subjects (19%) where 
the subjects reported smoking a completely different 
brand or type of cigarette than initially reported and 
had not switched over the last IS months. The data 
from this last set of subjects were rejected. Thus, the 
final sample set consisted of 72 subjects. The distribu¬ 
tion of the final sample set slightly over-represented 
smokers in the 2MG and ULT groups. Average data 
for each “tar" group are listed in Table 1. 

Correlations of FTC nicotine yield and 
nicotine absorption parameters 

Nicotine absorption was correlated with FTC nicotine 
yield for both individual subjects and by the FTC "tar" 



FTC Nicotine (mg/cig) 


Fig. I Plot of FTC nicotine yield (mu/eig) versus nicotine absorp¬ 
tion (ms/Zah) tor individual subjects. The linear regression equa¬ 
tion is:~r = 4.IA'->- 20.6. r = 0.13605. P = 0. i 1764 
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Fig. 2 Plot of FTC nicotine yield (mg/cig) versus nicotine absorp¬ 
tion (mg/cigj for individual subjects. The linear regression equa¬ 
tion is: Y « 0.214T + 0.576. r = 0.50869. P = 0.00833. The doited 
line indicates the line of unity response for FTC predicted absorp¬ 
tion of nicotine 
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Nicotine Absorption (mg/24 h) 

Fig. 3 Plot of nicotine absorption (tng/24 h) versus saliva cetinine 
(ng/ml) for individual subjects. The linear regression equation is: 
Y- 1S.4.T + 64.9. r = 0,78154. P ~ 5.45 x 10“ 16 


groups described above (using the average FTC nico¬ 
tine yield for that group). The four absorption para¬ 
meters correlated were (as listed in Table 1): mg 
nicotine/24 h, mg nicotine/cigarette. ng cotinine/ml of 
saliva, and ng cotinine/ml of saliva /cigarette. The last 
column in Table 1 is the ratio of measured nicotine 
absorbance per cigarette relative co that predicted by 
the FTC method. The average relative standard devi¬ 
ation For all 72 subjects was 20% for mg nicotine/24 h. 
and 21% for the three other parameters listed in Table 
1. The nicotine absorption parameters ure plotted for 
individual smokers in Figs 1 and 2. Total nicotine 
absorption as mg/24 h for each subject (Fig. 1) shows 
that the correlation was positive, but small (> = 0 . 19 ) 
and not significantly different from zero (P > 0.05). 
Figure 2 presents the same data but corrected for the 
number of cigarettes smoked per day. The correlation 
was higher [R - 0.31) and significant (P < 0.05). Saliva 
cotinine showed similar results with the absolute con¬ 
centration having a weak and insignificant correlation 
with FTC nicotine {/■ = 0 . 15 . P = 0.212) but higher and 
significant correlation when corrected for the number 
of cigarettes smoked (R = 0.244. P ~ 0.039). The 
weaker correlations in the present study are driven by 
relatively higher nicotine absorption for the lower yield 
smokers and also by relatively lower nicotine absorp¬ 
tion for the higher yield smokers compared to the pre¬ 
vious study (Byrd et al. 1995). 

Table 1 lists averaged data for each of the four 
groups. Though correlations for averaged data were 
positive, none were significant at P - 0.05. A Duncan's 
multiple range test was used to compare group means. 
With P = 0.05. a comparison of daily total nicotine 
absorption (mg/day) showed that only the FFLT group 
was different from the FF group. For nicotine absorp¬ 
tion per cigarette, all three lower yield groups were 
different from the FF group but not different from each 
other. There were no differences in saliva cotinine 


(ng/ml) among the groups: however, correcting for 
numbers of cigarettes smoked (ng/ml/cigarette) 
showed a difference in the ULT and FF smokers. Other 
trends noted in Table 1 are similar body weights across 
the groups, but numbers of cigarettes smoked per day 
and age tended to increase slightly with decreasing FTC 
“tar" and nicotine yields. 

Nicotine absorption (mg/24 h) was correlated wich 
the three major urinary metabolites (mg nicotine equiv¬ 
alents/24 h) and also with saliva cotinine (ng/ml). The 
correlation coefficients for urinary m«?j-3'-hydroxyco- 
tininc. cotinine. and nicotine were 0,85. 0.83. and 0.66. 
respectively, with P < 0.001. Saliva cotinine is plotted 
against nicotine absorption in Fig. 3 and shows the 
correlation of 0.78 between these two parameters. 


Metabolite distribution 

The average distribution of nicotine and individual 
metabolites relative to the total sum is listed in Table 
2 for this study and is compared with three previous 
studies. The profile is in good agreement with litera¬ 
ture data, with each distribution having a large stan¬ 
dard deviation for all metabolites. Nicotine-.V'-oxide 
(NNO) averaged considerably higher than the litera¬ 
ture values (12.2% compared to 5.5% average of the 
three literature means). This may result from the more 
aggressive enzyme treatment used in this study that 
could have released additional NNO from an unknown 
conjugate or produced a co-eluting interference. 

Estimation of daily nicotine absorption 
from saliva cotinine 

Saliva cotinine concentrations were used to estimate 
daily nicotine absorption for each smoker. This amount 
was compared to the amount determined by urinary 
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Table 2 Urinary excretion as 
molar percentage of total 
recovered nicotine and 
metabolites; average ± 
standard deviation for each 
FTC “tar" category. SHC 
trans-3‘-hydroxycotinine. 

COT cotinine. HIC nicotine. 
NNO nicotine-iV'-oxide. 

CNO cotinitie-.V-oxide. 

DbfC demethvlcotinine 
(norcotinine) 


GROUP 3HC 


COT 

NIC 

NNO 

CNO 


DMC 

This studv 43.1 ± 

12.2% 

25.4 ±7.1% 

14.4 ± 6.8% 

12.2 ± 3.5% 

3.3 ± 

1.4% 

1.1 ±0.7% 

Bvrd et al. 45.5 z 

11992) 

10.4% 

29.8 ± 7.825. 

12.7 ±3.6% 

6.7 ± 3.0% 

4-L± 

2.1% 

1.4 ±0.4% 

Benowitz et a!. 46.9 ± 
(1994)“ 

18.4% 

29.1 ± 10.9% 

15.0 ± 7.3% 

3.7 ± 0.9% 

4.5 ± 

1.5% 

n.d. 

Bvrd et til. 55.3 ± 

(1995) 

15.6% 

26.6 ± 10.8% 

10.4 ± 3.9% 

6.0 z 2.6% 

3.1 ± 

0.7% 

0.7 ±0.5% 


‘‘Percentages based on summation of free and conjugated materials for 3HC. COT. and MIC; stan¬ 
dard deviations were summed. Nomicotine was also determined For these samples as 0.65% ± 0.15 


excretion of nicotine and its metabolites. Using the ratio 
of saliva to plasma cotinine concentrations determined 
by Curvall et af. (1990a) (l: 1.27) and the equation of 
Benowitz and Jacob (1994) to determine daily nicotine 
absorption from steady-state plasma cotinine concen¬ 
trations. the following equation was produced: 

N'ic. absorption (mg/24-h) = IC x Sal. Cot. (ng/mi)/L27 

where K is the conversion factor to convert the time- 
weighted average plasma cotinine concentration 
(ng/mi) to daily intake of nicotine (mg/24 h). Benowitz 
and Jacob found that K was 0.08 on average in their 
study and ranged from 0.047 to 0.102 (/? = 13), Using 
their average value for fC. we determined the estimated 
daily nicotine absorption for each subject in this study 
(n = 72) and compared it to the amount determined by 
urinary excretion of nicotine and its metabolites. The 
saliva cotinine estimate of nicotine absorption averaged 
1.24 ± 0.33 of the urinary excretion amount. Solving 
the equation above for K. we determined an average 
K of 0.07 ± 0.02 with a range of 0.040-0.124; however, 
since our method assumes more than 90% recovery of 
total nicotine absorbed, our determined K value might 
be as much as 10% lower than the literature value. 


Discussion 

The measurement of urinary nicotine and its metabo¬ 
lites in 72 smokers who complied with the study pro¬ 
tocol was used to define their nicotine absorption across 
FTC “tar" yield categories. The determination of saliva 
cotinine served as a secondary biomarker for nicotine 
absorption and correlated well with urinary excretion 
data. Results of the previous study (Byrd et al. 1995) 
were markedly different from other studies in the lit¬ 
erature. Relative to the present study, this difference 
was caused by relatively lower nicotine absorption by 
smokers of the lower yield cigarettes and also higher 
nicotine absorption by smokers of the higher yield cig¬ 
arettes in the Byrd et al. (1995) study. The higher 
absorption by the lower group in the present study may¬ 
be accounted for. in part, by the higher range used for 
the lowest group in this study (0-2 mg "tar") versus 
the previous study (0-1 mg "tar"). 


By starting with over 100 subjects, we were abie to 
obtain a large sample size which met high standards 
for compliance and sample integrity. We believe the 
present study therefore more accurately reflects nico¬ 
tine absorption by smokers smoking cigarettes in the 
categories tested than in the earlier study. More sub¬ 
jects were tested and they were more evenly distributed 
across the four FTC "tar" ranges chosen. In addition, 
all the samples were collected under the same protocol 
and analyzed together, keeping the sampling and ana¬ 
lytical parameters as uniform as possible. While it was 
surprising that the correlation between nicotine absorp¬ 
tion and FTC nicotine yield would be so different from 
the previous study, the results were more representa¬ 
tive of data reported in the literature (Pritchard and 
Robinson 1996b). 

The subjects were limited to male Caucasian smok¬ 
ers of 20 or more non-menthol cigarettes per day. This 
was done to avoid possibly confounding factors of gen¬ 
der, race, and mentholation. Thus, these data reflect 
only a subset of the general smoking population. It is 
unknown if smokers of fewer cigarettes per day or men¬ 
tholated cigarettes, female smokers, or members of 
other races absorb the same amount of nicotine per 
cigarette as reported here. 

Considerable effort was directed toward subject com¬ 
pliance with the study protocol by making the subjects 
comfortable with their participation without revealing 
the purpose of the study. One concern was that health 
risks associated with smoking would cause smokers to 
report lower numbers of cigarettes than actually 
smoked (Lee 19SS). By making each group comfort¬ 
able enough so that they felt free to smoke during expla¬ 
nation of the study, we hoped to increase the probability 
that the subjects would truthfully report the numbers 
of cigarettes smoked and also collect all of their urine 
samples as required. To check for compliance with 
urine collection, creatinine measurements were moni¬ 
tored for daily variations in uririe"ourput that might 
reflect incomplete capture of urine or dilution with 
other fluids. Identified samples were rejected according 
to the criteria described in the Results section. Also, 
compensation was contingent upon completion of the 
study (after all samples and record sheets were 
collected) and thus served as an additional incentive 
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for the subjects to maintain truthful reporting. Finally, 
re-surveving the subjects 1 year after the study to 
confirm their brand and style of cigarette listed in the 
initial recruitment increased confidence that these data 
accurately reflect a subject’s usual brand. All these mea¬ 
sures were employed to improve the integrity of the 
data; however, whether or not absolute compliance was 
maintained by these subjects for ail parameters, par¬ 
ticularly numbers of cigarettes smoked per day and 
fidelity to their stated brand and style, is unknown. 
Misclassification of smoking status (smoker versus 
nonsmoker) has been explored (Coultas et al. 1988; Lee 
1988; Perez-Stable et al. 1992; Lee and Forrey 1995). 
but misclassification of cigarette brand and style among 
smokers has had only limited study (Cohen 1996). The 
apparent brand and style misclassification by 19% of 
resurveyed subjects demonstrates the problems associ¬ 
ated with this type of study. 

Recovery of high percentages of nicotine and its 
metabolites in urine offers the best means to accurately 
assess human exposure to nicotine (Benowitz 1991; 
Byrd et al. 1992; Benowitz et al, 1994). Renal clear¬ 
ance of nicotine and its metabolites depends upon uri¬ 
nary pH and flow (Matsukura et al. 1979; Rosenberg 
et al. 1980). These factors are influenced by physical 
exercise, posture, and diet in the individual. These all 
may vary from time to time for an individual and thus 
give rise to daily fluctuations in nicotine disposition. 
For this reason, three consecutive 24-h urine samples 
were taken from the subjects in this study to minimize 
effects of these parameters and provide a good repre¬ 
sentative measurement of nicotine absorption. The day- 
to-day variability of nicotine absorption for the 72 
subjects averaged 20%. 

With the exception of the minor metabolite NNO. 
the distributions of urinary metabolites were similar to 
those reported in the literature (see Table 2). The rel¬ 
ative amount of NNO was approximately twice as high 
in this study as previously reported values and may be 
related to use of a more aggressive enzyme treatment 
that has sulfatase activity. Since NNO is a relatively 
minor metabolice and all urine samples were treated 
with the same enzyme, this would have little impact 
on the total nicotine absorption or subsequent corre¬ 
lations. 

By including saliva cotinine measurements, our 
study helps better define the distribution of nicotine in 
humans. Plasma cotinine is known to be directly related 
to nicotine absorption (Guleuzzi et ai. 198o) and saliva 
cotinine has been reported to describe cotinine dispo¬ 
sition in the body as well as plasma concentrations 
(Curvall et al. 1990a). Saliva cotinine is indicative of 
exposure to tobacco smoke but the dose-response rela¬ 
tionship is unclear (Schepers and Walk 1988; Etzel 
1990; Swan et al. 1993). While high correlation between 
plasma and saliva cotinine has been demonstrated 
(Curvall and Enzell 1986; Curvall et al. L990b: 
Schramm et al. 1992). our study is the first to corre¬ 


late the sum of urinary nicotine and its metabolites and 
saliva cotinine for samples from the same set of sub¬ 
jects taken at the same time. The correlation (r ~ 0.78) 
between nicotine absorption (mg/24 h) and saliva coti¬ 
nine (ng/mi) in our study and the similarity of con¬ 
version factor EC determined from our data and that 
reported by Benowitz and Jacob (1994) suggests that 
saliva cotinine can provide an estimate of nicotine 
absorption in smokers: however, the inter-individual 
variability which showed a three-fold range in conver¬ 
sion factor K suggests that the use of saliva cotinine 
as a quantitative biomarker is limited. With regard to 
the methods employed in our study, this relatively high 
correlation enhances the validity of the data since these 
two measurements were obtained in different fluids and 
used completely different analytical techniques. 

As in the previous study, wide variability of nicotine 
absorption by smokers occurred within each category. 
Reports of wide inter-subject variability with regard to 
nicotine absorption biomarkers are fairly common in 
the literature (Benowitz et al. 1983. 1994; Hill et al. 
1983; Wall et a!. 1988: Byrd et al. 1992) and point to 
large differences in inhalation behaviors and nicotine 
metabolism. Inter-subject variability is an important 
factor in the weak correlations between FTC machine 
yields and nicotine absorption in our data and those 
of others. 

Those smokers showing the most deviation from 
FTC yields, the 2MG group, were also the most difficult 
to recruit as they comprise <2% of market share (based- 
on the two most popular brands: Maxwell Report 
3994). The large changes in smoking behaviors (num¬ 
ber of puff's, puff interval, puff duration, etc.) presum¬ 
ably required to achieve greater yields of smoke 
constituents from these cigarettes do not seem to be 
preferred by most smokers. In fact, only 12.2% of the 
US smoking population smoked cigarettes in che 
0-6 mg range (Maxwell Report 1994). This category 
corresponds to the 2MG and ULT smokers in this 
study. The data in Table 1 show that the remaining 
smokers (FFLT and FF representing 87.8% of the LS 
market share) absorbed, on average, within 25 "a of the 
FTC predicted nicotine value (mg/cigarette) in their 
respective categories. Since most smokers absorb on 
average approximately 1 mg nicotine per cigarette (0.67 
for FFLT and 0.89 for FF smokers in this study), it is 
not surprising chat the FTC method is valid for these 
smokers. However, the current FTC method is not u 
valid predictor over the entire range of cigarettes on 
the market. This is the dilemma of finding a universal 
set of smoking parameters: it is uncertain how well a 
new set of parameters would predict nicotine absorp¬ 
tion for the majority smokers even if it were more pre¬ 
dictive for the small number’of smokers at the lower 
yield part of the range. 

In the previous study we observed that the correla¬ 
tion between nicotine absorption and FTC nicotine 
yield was positive, significant (F<0.05). and strong 
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(r > 0.5). When we tested this hypothesis in a larger 
sample, we found that the correlation was positive and 
significant, but weak. In fact, there were no differences 
between nicotine absorption and FTC nicotine yield 
among the three lower categories in this study. An alter¬ 
native hypothesis is that smoker-controlled parameters 
such as puff volume and duration, puff-frequency. Frac¬ 
tion of smoke inhaled, and vent blocking exert a greater 
influence on the amount of nicotine absorbed by smok¬ 
ers than cigarette design parameters. For example, 
blocking air dilution holes on low “tar” cigarettes has 
been shown to increase the nicotine yield relative to the 
FTC method (Kozlowski et al. 1982; Hoferetal. 1991). 
Our data show that compensation occurs but is not 
complete for smokers of the lowest yield cigarettes. We 
conclude that it is difficult (requires more effort), but 
not impossible, for some smokers of the lowest yield 
cigarectes to obtain smoke amounts similar to those of 
higher yield cigarettes. 

Acknowledgements Mitsy Wieline and Ruby Hutchins provided 
invaluable support in orienting subjects and collection and prepa¬ 
ration ot' samples. Ms. Wicline also assisted in operation of the 
LC/MS system to acquire data. Walt Morgan assisted with data 
analysis by reviewing the data and statistical calculations, perform¬ 
ing the variance components analysis, and statistical interpretation. 
Helpful discussions of the data with W.S. Pritchard. J.C. Walker, 
and D.E. Townsend assisted in the preparation of this manuscript. 


References 

Adlkofer F. Scherer G. 8tber A. Heller WD. Lee PN. Schievelbein 
H 1 1959) In; Wald N. Froggatt P feds) Nicotine, smoking, ana 
the low tar programme. Oxford Universirv Press. Oxford, pp 
116-130 

Baldinger B. Hasenfratz M. Blictig K (1993) The influence of nico¬ 
tine and tar yield on compensatory cigarette smoking. 
Experientia 49:A90 

Baldinger B. Hasenfratz M. Battig K.(!995) Switching to ultralow 
nicotine cigarettes; effects of different tar yields and blocking 
of olfactory cues. Pharmacol Biochem Behav 50:333-239 

Benowitz NL (1991) Metabolism in the human biology of nicotine. 
In; Adlkofer F. Thttraus K. (edsr Effects of nicotine on bio¬ 
logical systems. Birkhiluser. Basel 

Benowitz NL. Jacob 111 P (1954) Daily intake of nicotine during 
cigarette smoking. Clin Pharmacol Titer 35:499-504 

Benowitz NL. Jacob III P 11994} Metabolism of nicotine to coti- 
nine studied by a dual stable isotope method. Clin Pharmacol 
Ther 56; 483-493 

Benowitz NL. Hall SM. Herning RI. Jacob HI P. Jones RT. Osman 
AL (1953) Smokers oflow-yieid cigarettes do not consume less 
nicotine. N Engl J Med 309:139-142 

Benowitz NL, Jacob 111 ?. Fong !, Gupta S (19941 Nicotine meta¬ 
bolic profile in man: comparison of cigarette smoking and 
transdermai nicotine. J Pharmacol Exp Ther 265:296-303 

Bradford JA. Harlan WR, Hanmer HR 1 1936) Nature of cigarette 
smoke. Technic of experimental smokine. Indust Ena Chem 
2S:336-339 

Byrd GD. Chang KM. Greene JM. deBetliizy JD (1992) Evidence 
for urinary excretion of glucuronide conjugates of nicotine, 
cotinine- and trans-3'-hydroxycotinine in smokers. Drug Metab 
Disp 20:192-197 

Byrd GD. Robinson JH. Caldwell WS. deBeihizy JD (1995) 
Comparison of measured and FTC-predicted nicotine uptake 
in smokers. Psychopharmacology 122:95-103 


Caldwell WS. Greene JM. Byrd GD. Chang K.M. Uhrig MS. 
deBeihizy JD. Crooks PA. Bhacti BS. Riggs RM 71992) 
Characterization of the glucuronide conjugate of cotinine: a 
previously unidentified major metabolite of nicotine in smok¬ 
ers' urine. Chem Res Toxicol 5:280-285 
Cohen JB (1996) Smokers' knowledge and understanding of adver¬ 
tised tar numbers: health poiicv implications. Am J Public 
Health 36: 13-24 

Coultas DB. Howard CA. Peake GT. Skipper BJ. Samet JM (I98S) 
Discrepancies between self-reported and validated cigarette 
smoking in a community survey of New Mexico Hispanics. Am 
Rev Respir Dis 137:810-314 

Curval! M. Enzell CR (1986) Monitoring absorption by means of 
determination of nicotine and cotinine. Arch Toxicol SuppI 
9:38-102 

Curvall M. Eiwin CE. Kazemi-Vala E. Warholm C. Enzell CR 
(1990a) The pharmacokinetics of cotinine in plasma and saliva 
from non-smokina healthy volunteers. Eur J Clin Pharmacol 
38:281-237 

Curvall M. fCuzemi-Vata E. Enzell CR. Wahren J{1990b) Simulation 
and evaluation of nicotine intake during passive smoking: coti¬ 
nine measurements in body fluids of nonsmokers given intra¬ 
venous infusions of nicotine. Pharmacol Ther 47:42-49 
Etzel RA 1 1990) A review of the use of saliva cotinine as a murker 
of tobacco smoke exposure. Prev Med 19:190-197 
Fairweather FA (1939) The possible role of factors other than nico¬ 
tine in compensatory smoking. In: Wald N. Froggutr P (eds) 
Nicotine, smoking, and the low tar programme. Oxford 
University Press, Oxford, pp 212-219 
Federal Trade Commission (1967) news release: FTC to begin 
cigarette testing. August I. Washington. D.C. 

Galeazzi RL. Daenens P. Gugger M 11935 j Steady-state concen¬ 
tration of cotinine as a measure of nicotine-intake by smokers. 
Eur J Clin Pharmacol 2S:301-304 
Gori G8. Lynch CJ 1 1985) Analytical cigarette yields as predictors 
of smoke bioavailability. Regui Toxicol Pharmacol 5:314-326 
Hasenfratz M. Baldinger 8. Biittig K. (1993) Nicotine or tar titra¬ 
tion in cigarette smokins behavior" Psvchopharmacoloav 
1 12:253-255 7’ ' 

Hill P. Haiey NJ. Wynder EL (1953) Cigarette smoking: enrboxy- 
hemoglobin. plasma nicotine, cotinine and thiocyanate vs. self- 
reported smoking data and cardiovascular disease. J Chroit Dis 
36:439-449 

Hdfer 5. Nil R. Battig K (1991) L ltralovv-yield cigarettes and type 
of ventilation: the role of ventilation blocking. Pharmacol 
Biochem Behav 40:907-914 

1ARC Monographs on the evaluation of the carcinogenic risk of 
chemicals to humans (1956) Vol. 38. Tobacco smoking, 
international Agency for Research on Cancer. Lyon 
Jarvis MJ |1959) Isolating the role of nicotine in human smoking 
behavior, (n: Wald N. Froggatt P (eds) Nicotine, smoking, and 
the low tar programme. Oxford University Press, Oxford. 

. pp l70-1S( 

Kozlov.ski LT. Rickert WS. Pope MA. Robinson JC. Frecker RC 
(1952) Estimating the yield to smokers of tar. nicotine, and 
Carbon monoxide from the "lowest yield" ventilated filter-cig- , 
arettes. Br J Addict 77:159-165 

Kverematen GA. Vessell ES (1991) Nicotine metabolism. Drug 
Metab Rev 23:3-41 

Lee PN (1985) Misclassification of smoking habits and passive 
smoking, int Arch Occup Environ"Health (SuppI] 

Lee PN. Forcy 8A (1995) Misclassification of smoking habits as 
determined bt cotinine or by repeated ^ell-report - a summary 
of evidence from 42 studies. J Smoking-Refuted Dis 6:109-129 
Matsukura S. Sakamoto N. Takahashi K. Matsuyama H. 
Maranaka H tl479) Effect of pH and urine flow on urinary 
nicotine excretion after smoking cigarettes. Ciin Pharmacol 
Ther 25:549-554 

The Maxwell Consumer Report (1994) Wheat First Butcher Singer. 
August 4. Philadelphia. Pa.. USA 


PM3003733196 


Source: https://www.industrydocuments.ucsf.edu/docs/zzlj0001 







299 


McManus K.T. deBethizy JD, Garteiz DA, Kyerematen GA. Vesseil 
ES {!990J A new quantitative thermospray-LC/MS method for 
nicotine and its metaboiites in biological fluids. J Chromatogr 
Sci 28:510-516 

NCI (1994) Conference on the FTC test method for determining, 
tar. nicotine, and carbon monoxide levels in cigarettes. 
Bethesda. Md.. December 5-6 

Ogg CL (1964) Determination of particulate matter and alkaloids 
(as nicotine) in cisarette smoke. J Assoc Off Anal Chem 
47:356-362 

Perez-Stable EJ. Marin G. Marin BV, Benowitz NL (1992) 
Misclassification of smoking status by self-reported cigarette 
consumption. Am Rev Respir Dis 145:53-57 

PFyi B (1933) The determination of nicotine in tobacco smoke (II). 
Zeit5chr Untersuch Lebensm 66:501-509 

Pfyl B. Schmitt O (1927) Determination of nicotine in tobacco and 
tobacco smoke. Zeitschr Untersuch Lebensm 54:60-78 

Pillsbury HG. Bright CC. O'Connor KJ. Irish FW (1969) Tar and 
nicotine in cigarette smoke. J Assoc Off Anal Chem 52:45S-462 

.Pritchard WS. JH Robinson (1996) Examining the relationship 
between usual-brand nicotine yield, blood cotinine concentra¬ 
tion and the nicoiine-"compensation" hypothesis. Psycho- 
pharmacoloav 124:282-284 

Pritchard WS. Robinson JH. Guy TD. Davis RA, Stiles MF (1996) 
Assessing the sensory role of nicotine in cigarette smoking. 
Psychopharmacology 127:55-62 

Rose JE, Tushkin DP. Ertle A. Zinser MC. Lafer R (1985) Sensory 
blockade of smoking satisfaction. Pharmacol Biochem Behav 
23:239-293 


Rosenberg F, Benowitz NL, Jacob III P, Wilson KM (1980) 
Disposition kinetics and effects of intravenous nicotine. Clin 
Pharmacol Ther 28:517-522 

Schepers G. Walk RA (1988) Cotinine determination by immunoas¬ 
says may be influenced by other nicotine metabolites. Arch 
Toxicol 62:395-397 

Schramm W. Pomerieau OF. Pomerleau CS, Grates HE (1992) 
Cotinine in an ultrafiltrate of saliva. Prev Med 21:63-73 

Swan GE. Habtna K. Means B. Jobe JB. Esposito JL (1993) Saliva 
cotinine and recent smoking-evidence for a nonlinear relation¬ 
ship. Pub Health Rep 108:779-783 

Tietz NW (1987) Fundamentals of clinical chemistry. Saunders, 
Philadelphia 

Tobacco Institute (1994) Testing Laboratory Market Sample 36 
Test Results. “Tar". ’‘Nicotine", and Carbon Monoxide Values. 
Rockville. Maryland. March 3 

Van Vunakls H. Gjika HB", Langone JJ (1987) Radioimmunoassay 
for nicotine and cotinine. In: O'Neill K. Brunnemann KD, 
Dodec B, Hoffman D (eds) Environmental carcinogens. 
Methods of analysis and exposure measurement, vol. 9. I. K_ 
IARC Sci. Pubi. 81, Lyon, pp 317—330 _ 

Walker JC. Kendal-Reed M. Keiger CJ. Bencherif M. Silver WL 
(1996) Olfactory and triaeminal responses to nicotine. Druv 
Dev Res 38:160-168 “ 

Wall MA, Johnson J. Jacob III P. Benowitz NL (1988) Cotinine in 
the serum, saliva, and urine of nonstnokers. passive smokers, 
and active smokers. Am J Public Health 78:699—701 


i 

PM3003733197 


Source: https://www.industrydocuments.ucsf.edu/docs/zzlj0001 





